ABSTRACT In Mearnskirk Hospital, Glasgow, 29 patients with postpneumonectomy empyema were treated by fenestration in a 12-year period. Seven of these were not considered fit enough for definitive closure and died of continuing disease or respiratory infection. Twenty-two patients went on to closure of their fenestra, and in 17 (77%) the pneumonectomy space was rendered permanently sterile. If the empyema recurred treatment was repeated but proved less successful. Fenestration is an effective method of dealing with postpneumonectomy empyema, but also has several other advantages, particularly if the empyema is associated with a bronchopleural fistula.
The treatment of postpneumonectomy empyema follows the principles used in the management of any abscess. Drainage is of prime importance initially and can be achieved quickly and readily in the ward if necessary. Closed drainage with underwater seal is required if the empyema presents in the first few days after pneumonectomy while the mediastinum remains mobile and when it presents as an emergency with a large bronchopleural fistula and aspiration into the remaining lung. In most cases, however, drainage can be performed electively, and open drainage has been regarded as more satisfactory. Fenestration, the performance of a skinlined thoracostomy, was first developed by Eloesser in 1935 to manage tuberculous empyemas, and was adapted by Clagett and Geraci (1963) for the treatment of postpneumonectomy empyema. I report the results of treating postpneumonectomy empyema with this procedure, and detail its place in managing patients with this complication.
Patients
In the 12-year period 225 Fenestration was usually performed under general anaesthesia. The middle third of the wound was reopened and 6-8 cm of the underlying rib resected. Opening into the pneumonectomy space through the bed of this rib invariably led to the most dependent lateral extent of the pneumonectomy space. Up to three more ribs were removed with the intervening intercostal bundles to provide a reasonable stoma, and the skin edges were then sutured to the parietal pleura to create a skinlined fenestra. Forty-eight hours after fenestration, irrigations were started and continued daily thereafter. During irrigation the patient was placed in the lateral position with the fenestra forming the highest point in the chest wall. The pneumonectomy space was inspected for fibrin or slough. The space was then mechanically debrided, irrigated with aqueous hibitane solution, and filled with a hibitane solution. After 30-40 minutes the patient was allowed to turn, which drained the antiseptic into a suitable basin. The pneumonectomy space was inspected periodically and bacteriology swabs were taken weekly. The results of these, coupled with observations on the patient's general condition, dictated the timing of closure of the fenestra. All patients were kept in hospital for the duration of their treatment. The mean interval between fenestration and closure was 40 days (21-74). Closure was a minor procedure consisting of mobilisation of the wound margins, identification of tissue planes, final debridement of the space, and closure in layers after displacing all air with a 0.25% solution of neomycin. The resultant wound had to be watertight and remained fluctuant for only a few days.
Results
The results of fenestration are shown in fig 1 (1973) and Virkkula and Eerola (1974) , in which case three or four ribs would be resected. Alternatively, fewer ribs are resected and after sterilisation of the space by daily irrigations of antiseptic, the defect may be closed.
OBLITERATION OR STERILISATION OF THE RIGID ABSCESS CAVITY
Many surgeons are content to perform rib resection and allow reduction of the space to proceed at a slow rate, relying upon the chronic infection to result in the deposition of a progressively thicker cortex on the inner aspect of the chest wall. Many patients undergoing pneumonectomy for bronchogenic carcinoma have limited survival prospects, and the prolonged morbidity of this treatment may seriously detract from the palliation afforded by the pneumonectomy. Thoracoplasty achieves obliteration of the space more rapidly, but it is a formidable surgical procedure and can be undertaken only in fit individuals. It causes permanent disfigurement, and in at least one other report (Zumbro et al, 1973) failed to eradicate the infection. Eerola (1976) has suggested obliterating the space using skin pedicles and free skin grafts. This needs a series of operations, and its place in the management of postpneumonectomy empyema would seem limited. It may find a place in younger patients, where the empyema followed pneumonectomy for non-malignant conditions such as trauma, and in whom less extensive procedures have already failed.
Sterilisation of the space is an attractive alternative and may be coupled with tube thoracostomy or fenestration. In 1970 Dieter et al described sterilisation of empyemas in six cases by irrigation with neomycin solution via a chest drain. The empyema in one of these cases followed pneumonectomy and appeared to be eradicated by closed chest drainage with irrigations. No followup of this case was presented. Provan (1971) altered the technique by using two catheters, a low one for drainage and a high one for irrigation of antibiotic solutions, and added systemic antibiotics as dictated by bacteriological studies. His results are shown in table 1, along with those of Karkola et al (1976) who used a similar method. The pooled results show that after 2-4 weeks of treatment, the pneumonectomy space was rendered permanently sterile in 56% of patients. The failures were usually apparent between one week and seven months after cessation of treatment, and one-third of these failures were treated successfully at a second attempt.
In 77% of our patients the pneumonectomyM space was rendered permanently sterile by fenestration and closure. These patients had irrigation of their space for 3-11 weeks before closure (mean six). In the original series of Clagett et al (1963) patients were allowed home after fenestration to continue their irrigations as outpatients, and this is plainly desirable where local circumstances permit. At closure, the pneumonectomy space is completely filled with 0-25% neomycin solution. There are theoretical dangers in the instillation of neomycin into the pleural space. Adler and Plaut (1972) Table 2 shows the results of fenestration and closure in our series and in other reports. There is a uniformity of success in these five studies. Three-quarters of the empyema cavities were rendered permanently sterile at the first attempt, which is appreciably better than the 56% reported for irrigation and tube thoracostomy (table 1) . On second attempts, irrigation and tube thoracostomy proved marginally more successful than fenestration, although the numbers in these studies were small. (Naef, 1976 (fig 2) showed retention of most of the main bronchus and a fistula from the stump of the left upper lobe bronchus. Bronchoscopic chemical cautery was performed on three occasions, after which bronchograms showed no evidence of the previous stump and no fistula (fig 3) . Bronchoscopy confirmed an appearance indistinguishable from the expected result after pneumonectomy.
Conclusion
The following treatment schelule is proposed (fig 4) :
The diagnosis should be established and any underlying additional problems detected.
The next step is to perform fenestration. The space can be debrided and inspected, and thereafter irrigated daily with antiseptic solution.
In the presence of a fistula, sterilisation may be attempted by wet antiseptic packs, while chemical cautery is used to speed closure of the fistula.
Once the fistula is closed, irrigation may be started and most patients may be allowed home 
